PATENT 
98093 

CAPACITOR HAVING AN ELECTRODE FORMED FROM A TRANSITION METAL OR A 
CONDUCTIVE METAL -OXIDE, AND METHOD OF FORMING SAME 

INVENTORS 
F. Daniel Gealy 
Thomas M. Graettinger 

CROSS REFERENCE TO RELATED APPLICATIONS 
Not Applicable. 

■^STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Q Not Applicable. 

•J ? 

^BACKGROUND OF THE INVENTION 

I": Field of the Invention 

The present invention is directed generally to a capacitor and 

O method for forming a capacitor and, more particularly, to a 

capacitor and method for forming a capacitor having an electrode 
formed from a transition metal, a conductive metal -oxide, alloys 
thereof, or combinations thereof. 



Description of the Background 

Minimum feature sizes in integrated circuits are sufficiently 
small that some fabrication processes are no longer effective. For 
example, in many applications sputter deposition is not effective 
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nas. Furthermore, the smaller^Li 



for filling openings. Furthermore, the smaller^Limensions are 
requiring higher performance from components and devices. For 
example/ greater capacitance is required from small capacitors. 
One way to obtain higher capacitance is to use dielectrics having 
5 greater dielectric constants. Often, however, it is necessary to 
heat the dielectric to high temperatures in order to obtain the 
higher dielectric constant, and such heating can have adverse 
effects on the electrodes used to form the capacitor. For example, 
the electrodes will often oxidize, and the oxide will act as a 
10 lower permittivity dielectric in series with a higher permittivity 
dielectric. As a result, the oxide formed from the electrode will 
;=3increase the effective distance between the electrodes, thereby 
^Jdecreasing the capacitance. 

C3 Therefore, the need exists for a capacitor and method for 

in 

15 informing capacitors that do not suffer adverse effects when used 

In 

!E with dielectrics having high dielectric constants. 



::LJbrief summary of the invention 

20 The present invention is directed to a capacitor including a 

first electrode selected from a group consisting of transition 
metals, conductive metal -oxides, alloys thereof, and combinations 
thereof. The capacitor also includes a second electrode and a 
dielectric between the first and second electrodes. The present 

25 invention may be used to form capacitors in integrated oircuits, 
such as those in memory devices and processors. 
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The present invention also includes a methou' of forming a 
capacitor. The method includes forming a first electrode selected 
from a group consisting of transition metals, conductive metal- 
oxides, alloys thereof, and combinations thereof. The method also 
5 includes forming a second electrode and forming a dielectric between 
the first and second electrodes. 

The present invention solves problems experienced with the 
prior art because it provides for capacitors having improved 
physical structures, such as higher capacitance, smaller physical 
10 size, and smaller footprint, by utilizing improved dielectric 
properties, including electrodes that do not form dielectrics 
; =during subsequent processing steps. Those and other advantages and 
benefits of the present invention will become apparent from the 
description of the preferred embodiments hereinbelow. 

'<%RIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Q For the presents-invention to be clearly understood and readily 

fijbracticed, the present invention will be described in conjunction 

m 

rS/ith the following figures, wherein: 
20 FIG. 1 is a cross -sectional view of a capacitor constructed 

according to the teachings of the present invention; 

FIG. 2 is a cross-sectional view of a capacitor in an early 
stage of fabrication; 

FIG. 3 is a cross-sectional view of the capacitor of FIG. 2 

m- 

25 after the material forming the first electrode is removed from the 
top surface of the substrate assembly; 



- 3 - 



f 



FIG- 4 is a cross-sectional view of the capacitor of FIG. 3 
after a portion of the substrate assembly is removed from around 
the fir^t electrode; 

FIG. 5 is a cross-sectional view of the capacitor of FIG. 4 
5 after a dielectric and second conductor, including a strap, are 
formed; 

FIG. 6 is a cross-sectional view of the capacitor of FIG. 5 
after an additional layer is formed over the capacitor; 

FIG. 7 is a cross-sectional view of an alternative embodiment 
10 of a capacitor wherein the dielectric and second electrode are 
formed only on the inside of the first electrode; 

FIG. 8 is a cross- sectional view of the capacitor of FIG. 7 
.;|fter an additional layer and interconnect are formed; 

FIG. 9 is a cross-sectional view of a post capacitor according 
15 [%o the teachings of the present invention; 

iy FIG. 10 is a cross-sectional view of the capacitor including 
„ : -ihe first electrode , --second electrode, and dielectric are formed- 
fflrom a non- smooth material; 

Q FIG. 11 is a cross-sectional view of the capacitor of FIG. 10 
20 in an early stage of fabrication after a layer of hemispherical 
grain polysilicon is formed in the opening ; 

FIG. 12 is a cross-sectional view of the capacitor of FIG. 11 
after the material forming the first electrode is formed; 

FIG. 13 is a cross-sectional view of the capacitor of FIG. 12 
25 after the substrate is partially removed and after the 
hemispherical grain polysilicon is removed; and 
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FIG. 14 is a CTx>ck diagram of a system incxTTding devices 
constructed according to the teachings of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
5 It is to be understood that the figures and descriptions of 

the present invention have been simplified to illustrate elements 
that are relevant for a clear understanding of the present 
invention, while eliminating, for purposes of clarity, other 
elements. Those of ordinary skill in the art will recognize that 
10 other elements may be desirable. However, because such elements 
are well known in the art, and because they do not facilitate a 
'Abetter understanding of the present invention, a discussion of such 
Elements is not provided herein. 

□ Advantages of the present invention may be realized using a 
15 ijjiumber of structures and technologies, such as doped silicon 

substrate, silicon-on-insulator , silicon-on-sapphire, and thin film 
^transistor . The term "substrate" , as used herein, refers to a 
•^Structure that is often the lowest layer of semiconductor material 
:lln a wafer or die, although in some technologies the substrate is 
20 not a semiconductor material. The term "substrate assembly", as 
used herein, shall mean a substrate having one or more layers or 
structures formed thereon or therein. The substrate assembly may 
include one or more active or operable portions of a semiconductor 
device . 

25 FIG. 1 is a cross-sectional view of a capacitor 10 formed 

according to the present invention. The capacitor 10 includes a 
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second electrode 14 , and i^^u 



first electrode 12 second electrode 14, and c^Wielectric 16 
formed between the first and second electrodes 12, 14. The 
capacitor 10 is illustrated as a crown- shaped capacitor, although 
benefits of the present invention may be realized with capacitors 10 
5 having many forms, including flat capacitors and post capacitors . 

The capacitor 10 may be formed on a substrate assembly 18, and may 
include an interconnect 20 to, for example, a doped region 22. 

The first electrode 12 may be formed from a transition metal, 
such as Pt, Rh, Ir, Ru, and Pd; from metals that form conductive 
10 metal oxides, such as IrO x , RuO x and RhO x (where x < 4) ; from 

conductive oxides; and from alloys of any of those materials. The 
iSirst electrode 12 may also be formed from any combination of the 
ioregoing materials. The first electrode 12 may also be formed from 
iSther materials that either do not oxidize during the formation of 
15 :fehe capacitor 10, or whose oxidized forms are conductive. 

,7 The second electrode 14 may be formed from any of the materials 
ilhat may be used for -the first electrode 12. However, because the 
;Jecond electrode 14 is often not exposed to a high temperature 
processing step, the second electrode 14 may be formed from other 
20 materials that may not be suitable for use as the first electrode 
12. Examples of those other materials are conductive metal 
nitrides, WN, aluminum, TiN, TaN, and polysilicon. 

The dielectric 16 may be formed from a material that will 
provide a high dielectric constant, such as an insulating transition 

m~ 

2 5 metal binary, ternery, or quarternery oxide. For example, the 

dielectric may be formed by a chemical vapor deposition (CVD) of 
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z^fnate (BST) , SrTiCL, Sr^Bi^T^^, 



barium strontium t^Snate (BST) , SrTi0 3 , Sr^^Ta^, Ba x Sr 1 . x Ti0 3 where 
0 < x < 1, or Ta 2 O s/ followed by heating the dielectric 16 to 400 
degrees :C or more in the presence of oxygen- containing ambient, such 
as 0 2 , N 2 0, 0 3/ or NO. 
5 The substrate assembly 18 may be formed, for example, from 

borophosphosilicate glass (BPSG) , TEOS oxide, Si0 2 , or Si 3 N 4 . The 
interconnect 20 may be formed, for example, from polysilicon, TiN, 
or tungsten. Alternatively, the interconnect 20 may be omitted and 
the first electrode 12 may be connected directly to the doped region 
10 22. Alternatively, the first electrode 12 may be connected to a 

metal contact or metal line rather than the doped region 22, or the 
r first electrode 12 may be left floating. The substrate assembly 18 
Igiay be formed from one or more layers. For example, in the 
illustrated embodiment a first substrate layer may be formed and 
15 ^lanaraized. The first layer may be masked and etched, and the 

interconnect 20 formed in the first substrate layer. Thereafter, an 
^additional substrate .layer may be formed above the first layer and 
Hoovering the interconnect 20. 

□ FIG. 2 is a cross-sectional view of the capacitor 10 in an 
20 early stage of fabrication. The substrate assembly 18 may be 

formed from a first substrate layer 24 and a second substrate layer 
26. The first substrate layer 24 is formed first, and the 
interconnect 20 may be formed in the first substrate layer 24 at 
that time. The interconnect 20 may connect the capacitor 10 to 
25 another portion 22 of the device in which the capacitor 10 is 

formed, such as a doped region. Thereafter, the second substrate 
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EoWfed on top of the first sub^Hra 



layer 26 may be turned on top of the first sub^Prate layer 24, and 
an opening 28 may be formed in the second substrate layer 26 at 
that time. The opening 28 may be formed, for example, by 
selectively masking the second substrate layer 26 so that only the 
portion of the second substrate layer 26 where the opening 28 is to 
be formed is exposed, by selectively and anisotropically etching 
the second substrate layer 26 to form the opening 28, and then 
removing the mask. The first electrode 12 may be formed in the 
opening 28 by, for example, depositing a layer of material that 
will form the first electrode 12, masking that layer, etching the 
material that is to be removed, and removing the mask to leave the 
first electrode 12. 

;=P FIG. 3 is a cross-sectional view of the capacitor 10 after the 
feirst electrode 12 has been removed from the top surface of the 
iftibstrate assembly 18 . The removal may be performed by, for 
example, a mechanical abrasion step, such as chemical mechanical 
gf_anarization ("CMP f! U In that example, a protective material, such 
kg photoresist, may be used to fill the opening 28 to prevent 
tftjjiterials removed by the CMP from falling into the opening 28. 
Alternatively, the removal can be performed by a blanket etch back 
process . 

FIG. 4 is a cross-sectional view of the capacitor 10 after a 
portion of the substrate assembly 18 has been removed to expose 
vertical portions of the first electrode 12. The substrate 
assembly 18 may be removed by, for example, an etch that is 
selective to the substrate assembly 18 but which does not etch the 
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The substrate assembly 18^^ 



first electrode The substrate assembly 18^B5y be etched so that 

the first electrode 12 remains partially recessed in the substrate 
assembly 18, thereby providing structural stability to the capacitor 
10. 

5 FIG. 5 is a cross-sectional view of the capacitor 10 after the 

dielectric 16 and a second electrode 14 have been formed over the 
first electrode 12, thereby completing the capacitor 10. The 
dielectric 16 may be formed, for example, by forming a layer of the 
dielectric 16 on the entire surface, and then selectively removing 
10 the dielectric 16 so that it remains only where desired. In 

particular, the dielectric 16 may be deposited over the entire 
surface by sputtering or CVD. The dielectric 16 on the first 
^electrode 12 may be masked, such as with photoresist, and the 
Exposed dielectric may be removed with a selective etch. 
15 Alternatively, the insulating dielectric 16 need not be removed at 
^Sll. The second electrode 14 may be formed after the dielectric 16 
j 3nd in a manner similar to that used to form the dielectric 16.. . In 
fbontrast to the embodiment illustrated in FIG. 1, the capacitor 10 
iifflay include a portion 30 of the second electrode 14, known as a 
20 strap 30, formed as a contact for connecting the second electrode 14 
to another portion of the device in which the capacitor 10 is 
formed. Similarly, another portion 32 of the second electrode 14 
may connect to other capacitors so as to tie several second 
electrodes together at a common potential, such as ground. 
25 FIG. 6 is a cross-sectional view of the capacitor 10 after an 

additional layer 40 is formed over the capacitor 10. The 
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t^^^y be used to separate the^fei 



additional layer 4(Wnay be used to separate the^apacitor 10 from 
whatever may be formed above the capacitor 10. The additional 
layer 4a may be formed, for example, by a CVD process and from the 
same materials used to form lower layers of the substrate assembly 
5 18. The additional layer 40 may be planarized, such as by CMP, and 
an interconnect 42 may be formed in the additional layer 40 to 
connect the second electrode 14, via the strap 30, to another 
portion of the device in which the capacitor 10 is formed. 

FIG. 7 is a cross -sectional view of an alternative embodiment 
10 of the capacitor 10 in which the dielectric 16 and the second 

electrode 14 are formed only within the first electrode 12. In that 

^embodiment, the substrate assembly 18 may not be etched as described ♦ 

, re 

hereinabove with respect to FIG. 4. The dielectric 16 and second 
; epLectrode 14 may be formed in a manner similar to the first 
15 'Electrode 12, such as by CVD followed by mechanical abrasion to 
remove unwanted material from the top surface of the substrate 
yssembly 18 . 

1U FIG. 8 is a cross-sectional view of the capacitor 10 

m 

iSLlustrated in FIG. 7 after an additional layer 4 0 has been formed 
20 and after an interconnect 42 has been formed connecting the second 

electrode 14 to another portion of the device in which the capacitor 
10 is formed. In the illustrated embodiment, the interconnect 42 is 
connected to the second electrode 14 without the use of the strap 3 0 
(illustrated in FIGS. 5 and 6) . 
25 FIG. 9 is a cross-sectional view of an alternative embodiment 

of the present invention formed as a post capacitor 10. That 
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>^^ie first electrode 12 , the^^: 



embodiment includes the first electrode 12 , the second electrode 14, 
and the dielectric 16 formed on a post 50. The post 50 may be 
formed, for example, by forming a temporary layer on the substrate 
assembly 18, forming an opening in the temporary layer, filling the 
5 opening with a material to form the post 50, and removing the 

temporary layer to leave the post 50. The post 50 may be formed, 
for example, from polysilicon. 

FIG. 10 is a cross -sectional view of an alternative embodiment 
of the present invention wherein the first and second electrodes 12, 
10 14 and the dielectric 16 have a non-smooth surface. The non-smooth 
surfaces increases the surface area of the first and second 
electrodes 12, 14 and the dielectric 16, thereby increasing the 
Sapacitance of the capacitor 10. The capacitor 10 may be formed, 

pj|or example, by using a non- smooth mold, such as hemispherical grain 

i!FS 

15 JA HSG ) polysilicon, on which the first electrode 12 may be formed. 

'Such a process results in the first electrode 12 having an inverted 
^Hemispherical grain on the side formed on the HSG polysilicon (that 
jjgs the outside in the illustrated embodiment) , and an inverted 
hemispherical grain on the side opposite that formed on the HSG 

20 polysilicon (that is the inside in the illustrated embodiment) . 

Thereafter, the mold may be removed and the dielectric 16 and second 
electrode 14 may be formed over the first electrode 12, conforming 
to its non-smooth surface and assuming a similar non-smooth surface. 
The dielectric 16 and the second electrode, 14 formed by that process 

25 have hemispherical grain on one side and inverted hemispherical 

grain on another side, in a manner analogous to the first electrode 
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b^^that the first electrode l^^e 



12. It is desirab^^that the first electrode 1^5e set into a 
recess, such as a recessed interconnect 20, so as to provide 
structural stability to the first electrode 12. 

FIG. 11 is a cross-sectional view of the capacitor 10 
5 illustrated in FIG. 10 in an early stage of fabrication wherein a 
layer of HSG polysilicon 60 is formed in the opening 28 and on the 
top surface of the substrate assembly 18 . The layer of HSG 
polysilicon 60 may be formed, for example, with a CVD process. The 
interconnect 20 is recessed below the bottom surface of the opening 
10 26. 

FIG. 12 is a cross-sectional view of the capacitor 10 after a 
ODnductive layer that will form the first electrode 12 is formed 
pyer the HSG polysilicon 60. HSG polysilicon has a course, grainy 
JHarface, and when the layer that will form the first electrode 12 is 
15 formed on the HSG polysilicon 60, that layer conforms to the HSG 

polysilicon 60 and assumes a similar, non-smooth surface. The non- 
Smooth surface of theuHSG polysilicon has a surface area that is 

" its* - 

^tween about 150% and about 200% greater than the surface area of 

.?;a:s. 
: s ; 

&jnooth polysilicon. It is desirable to etch the HSG polysilicon 60 
20 from the recessed interconnect 20 before the layer that will form 
the first electrode 12 is formed, as is done in the illustrated 
embodiment. As a result, the first electrode 12 will be in direct 
contact with the interconnect 20. Otherwise, if the HSG polysilicon 
60 is between the first conductor 12 and the interconnect 20, it may 
25 oxidize and increase the resistance of between the interconnect 20 
and the first electrode 12. Furthermore, if HSG polysilicon 60 is 
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rWT electrode 12, the first elect: 



supporting the fij^F electrode 12, the first electrode 12 may be 
damaged or destroyed when the HSG polysilicon 60 in removed in a 
subsequent fabrication step* 

FIG. 13 is a cross-sectional view of the capacitor 10 after the 
5 substrate assembly 18 is partially removed and the HSG polysilicon 
60 is removed. The partial removal of the substrate assembly 18 
exposes the HSG polysilicon 60, which may then be removed with a 
selective etch, such as tetra methyl ammonium hydroxide, leaving the 
first electrode 12. Thereafter, the dielectric 16 and the second 
10 electrode 14 may be formed to result in the capacitor illustrated in 
Fig. 10. The dielectric 16 and second electrode 14, when formed 
oyer the first electrode 12, will also have a grainy surface, 
;tftiereby increasing their surface areas. 

^1 FIG. 14 is a high level block diagram illustrating a system 61 
15 iihcluding a first device 62, a bus 64, and a second device 66. The 
;gystem 61 may be, for example, a memory system or a computer 
ifgystem. The first device 62 may be a processor, and the second , 
device 66 may be a memory. The first device 62 and the second 
device 66 may communicate via the bus 64. The first and second 
20 devices 62, 66 may include capacitors 10, constructed according to 
the teaching of the present invention. 

The present invention also includes a method of forming 
structures and devices, such as capacitors. The method includes 
forming a first electrode selected from a group consisting of 
25 transition metals, conductive metal-oxides, and alloys thereof. The 
method also includes forming a second electrode and forming a 
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dielectric between^Bfe first and second electroaBr. The method 
includes many variations, as described in the teachings hereinabove. 

Tho.se of ordinary skill in the art will recognize that many 
modifications and variations of the present invention may be 
5 implemented. For example, one of the interconnects 22, 42 may be 
omitted and the corresponding conductor may be left to "float". 
The foregoing description and the following claims are intended to 
cover all such modifications and variations. 



- 14 - 



